. Surface-view scanning electron microscopy (SEM) images of (a) perovskite films without DIFA additive and with different molar ratios of (b) 1%, (c) 2%, (d) 3%, (e) 6%, and (f) 8% DIFA additive with respect to the PbI 2 in the pristine precursor solution. where τ i , A i , and B are the decay time, decay amplitude, and a constant, respectively.
where τ i , A i , and B are the decay time, decay amplitude, and a constant, respectively.
As listed in Table S2 , the decay time τ 1 in slow decay process is originated from the direct recombination of free carriers. The decay time τ 2 in the fast decay process is originated from the Shockley−Read−Hall (SRH) recombination. The lifetimes of 2%
DIFA perovskite film (τ 1 = 79.68 ns, τ 2 = 16.05 ns) are larger compared to those of the pristine perovskite film (τ 1 = 34.15 ns, τ 2 = 6.71 ns), which indicated the simultaneous decrease in the recombination center and the defect state density in 2% DIFA perovskite film.
For conveniently comparison, the average PL decay times (τ av ) is proposed, which can be calculated according to the fitted A i and τ i values by the following equation:
The lifetime of 2% DIFA perovskite film (τ av = 55.33 ns) is significantly larger compared to that of the pristine perovskite film (τ av = 15.12 ns). These results confirmed that the perovskite film quality can be improved after the addition of 2%
DIFA. 4.49 Figure S11 . 1 H NMR of DIFA. 
